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Valve repair for mitral regurgitation re 
advance over valve repiacement with less perioperative 
mortality, fewer postoperative complications, less deterior 
tion in left ventricular function, less prosthetic maternal an 
less need for anticoagulation (I-8). However, the procedure 
is technically more demanding, involving some potential for 
suboptimal resuits. Unlike prosthetic valve replacement, 
successful valve repair equires the surgeon to understand 
the mechunk of the valve dysfunction, which is a primary 
determinant of the likelihood f successful repair, varying in 
our hands from 88% in patients with isolated ruptlfre of 
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le scallop of the posterior leaflet. to 29% 
in patients with exten ileaflet chordal rupture, based on 
direct intraoperative i ction of the valve during. cardio- 
~~mo~ary bypass (1). t reports (9-l I) of patiem s having 
ave been categorize 
according to the etiology of the valve disease, that is, 
myxomatous degeneration, ischemia, rheumatic, ongenital 
or endocarditis, which is ot the same as its mechanism. 
The :im of this study was to determine t 
trao~e~at~ve two-dime 
efore cardiac surgery t
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22-month interval at the Cleveland Clinic Foundation and 
had complete intraoperative echocardiographic studies be- 
fore cardiopulmonary bypass to determine the mechanism of 
mitral regurgitation. Before initiation of this study, the 
echocardiographic and surgical teams agreed on a system of 
classifying mitral valve disease that was printed on the back 
of the operative data sheet and utilized for echocardio- 
graphic and surgical data collection. Patients who underwent 
mitral valve replacement as he primary procedure and those 
whose mitral valve was predominantly stenotic were ex- 
cluded from the study. All patients had moderately severe of 
severe (3+ to 4t) mitral regurgitation  preoperative 
echocardiographic or cardiac atheterization study, or both. 
The patients consisted of 170 men and 116 women with a 
mean age of 60.2 I 13.5 years (range 2to 79). Ninety-six of 
the 286 patients underwent concomitant procedures, includ- 
ing aortic valve surgery in 33 patients, coronary bypass 
surgery in 30, repair of a congenital cardiac lesion in 14, 
tricuspid valve surgery in 10 and combinations of these 
procedures in 9. The decision to perform mitral valve 
surgery was based on standard clinical riteria. 
k~ard~~raphic data collection. All patients under- 
intraoperative echocardiography with standard com- 
mercially available equipment. The epicardial approach was 
used in 51 patients, the transesophageal approach in141 and 
both epicardial nd transesophageal echocardiography in 94. 
The techniques for intraoperative epicardial nd transesoph- 
ageal echocardiographic studies have been reported earlier 
(12-15). All echocardiographic observations were made and 
recorded before the left atriotomy. 
With the use of two-dimensional echocardiographic im- 
aging from multiple imaging planes, the leaflet motion was 
evaluated for the presence f excessive, normal or restricted 
leaflet mstioro accordin to whether the location of 
maximal systolic excursi of any portion of the mitral 
leaflet extended beyond, to or below (on the ventricular side 
00 the mitral anulus, respectively. The entire mitral appara- 
tus was systematically scanned from the papillary muscles to 
the left atrium to evaluate each component for the presence 
of pathologic processes. Focal echogenicity ndicating fibro- 
sis or calcification was noted. Hypermobile areas howing 
hii frequency motion resulting from disruption f the integrity 
of the leallet-chordal-papillary muscle continuity were noted 
(16). Long-axis views were used to determine which leaflet 
showed abnormal motion and short-axis views to determine 
which portion of the leaflet showed abnormal motion. 
The valves were further studied from multiple imaging 
with Dnpnler ;ek flow man?inp (Fig. I, Table 1). 
n was given to the origin, direction and 
regu~~tant jets. The site of the jet origin- 
whether alung the line of letiet coaptation orelsewhere- 
ed. For jets originating atthe line of coaptation, it 
whether the jet emanated from the medial or 
lateral commissure or centrally. The primary direction ofthe 
~~g~p~it~~~~ colorhpp/er jets as they emanated from the 
tant orifice was classified as posterior, anterior, cen- 
tral or multiple. When extensive r gurgitation bscured the 
jet direction, the Doppler color flow gain was sely 
decreased transiently toattempt to identify more the 
direction of the origin of the jet. As opposed to jet direction, 
an eccentric jet origin was diagnosed when the regurg~ta 
jet originated from the midportion of the leaflets becau 
of a perforation or cleft in the body of the lea 
color flow criteria for this diagnosis were a postvalve j t in 
the left atrium, the prejet flow acceleration i systole dis- 
placed away from the coaptatio 
grade flow stream in diastole displa 
anterograde flow at the coaptation line. 
valve was accompli 
earlier, including a se~f~reta~~~n~ re- 
tractor designed for mitral valve repair (17). The mitral 
apparatus was systematically inspected, including the mitral 
anuius, leaflets, chordae tendineae and 
The leaflets and anulus were inspecte 
vegetations, perforations, fibrosis and calcification. Care 
was taken to identify which sections of tke mitral e 
were abnormal nd to identify the ~redomina 
versus posterior leaflet involvement. The cho 
were systematically inspected todeter ine the presence of
chordal elongation, rupture, fibrosis, caicification or fusion. 
The papillary muscles were inspected to rdentify eiongatio 
rupture or infarction. 
was used to assess leaflet range of motion 
part of the leaflet edge toward the left 
atrium, determining whether its sub:Jalvular estraint 
would allow it to go toward or past the plane of the mitral 
snulus. Leaflet motion was classified as restricted when the 
maximal extension of the leaflet edge was on the left ven- 
tricular side of the mitral anulus plane, as normal when the 
leaflet edge was in the anulus plane and as excessive when 
the leaflet edge extended into the left atria1 side of the mitral 
anulus. 
The disease was further categorized by the surgeon as to 
whether it affected the anterior or the posterior leaflet, or 
both. When there was papillary muscle infarction, the pres- 
ence of elongated or disrupted papillary muscles was re- 
corded. In patients with normal eaflet appearance and 
chordal restraint, the size of the mitral nulus was compared 
with the surface area of the anterior mitral leaflet, o identify 
annular dilation in the absence of normalities of the 
mitral apparatus. In patients wi t peroration, its 
presence and location were recorded. 
echanisms of regu by surgical inspection. 
Among the 286 patients, the surgical evaluation found one 
mechanism of dysfunction leading to mitral regurgitation in 
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273 patients and two mechanisms of 
Among the 273 patients with one mechanis 
was excessive in 197 patients, restricted in 34 and normal in 42, 
as determined by the surgeon. Among the 13 patients with two 
s, the ec~ocardiogra~~ic evaluation found 
one mechanism of dysfunction leading to mitral regurgitation in 
Table 1. Methodology of Echocardiographic and Doppler 
Determination of Mechanism of 
Two-Dimensional Echocardiographic 
Findings on Lq%r Mo~iorr 
Excessive Normai Restricled 
Doppler color jc? direction 
Anteriorly directed A 
Posteriorly directed B F E 
Centrally directed C F E 
Commissural origin D 
Eccentric origin G 
Categories of regurgitant mechanism. A = posterior leaflet Rail or pro- 
lapse; B = anterior leaflet flail or prolapse; C = bile&let flail or prolapse; D = 
papiliary muscle elongation or disruplion; E = restricted lealiet motion: F = 
ventricular-annular dilation: G = leaflet perforation or cleft. 
hanisms of mitral regurgitation, d&e 
assessment of leaflet motion and 
ent of jet direction. Artistic diagrams showing 
(left side of each pair) and short-axis views (right side of each 
relapse with an anterior jet 
t Bail or prolapse with a posterior 
gation, flail or prolapse with a 
central or posterior jet direction. osteromedial papillary muscle 
infarction causing elongation or disruption of support to both leaflets 
at the commissure with ajet emanating from the medial commissure, 
directed posterolaterally. E, Leaflet restriction with a central or 
posterior jet direction. F, Ventricular-annular dilation displacing the 
papillary muscles outward wirh a central or posterior jet direction. 
6, Leaflet perforation with an ecozntric location of the jet origin, 
originating from the leaHe body, away from the coaptation line. 
a surgical assessment indicating excessive motion involving 
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Figure 2. Intraoperative images obtained 
before carrli~pulmonary bypass by tising the 
transesophhgeal echocardiographic trans- 
verse four-&amber view in a patient with 
mitral regurgitation due to ruptured chordae 
tendineae to the anterior leaflet (compare 
with Fig. IB). Left, Two-dimensional echo- 
cardiographic image showing the tip of the 
anterior leaflet (arrow 
directed posteriorly. LV = left ventricle. 
solely the posterior leajlet, 123 (93%) were correctly identi- 
fied as having excessive l aflet motion by two-dimensional 
echocardiography with an nnteriorjet direction by color flow 
mapping, corresponding to category A (Fig. IA). Nine 
additional patients had these chocardiographic andDoppler 
findings, eight of whom had bileaflet prolapse at operation. 
Thirty-two patients had  surgical assessment indicating 
excessive alotion that solely involved the anterior kaflet. Of 
these, 30 (94%) were correctly identified as having excessive 
leafet motion by echocardiography with posterior jer direc- 
tion by Doppler color flow mapping, corresponding to cate- 
gory B (Fig. IB and 2), Nineteen additional patients had 
these echocardiographic Doppler findings, of whom six had 
bileaflet prolapse and three had posterior leaflet prolapse at 
operation. 
Twenty-five patients had a surgical ssessment i dicating 
excessive motion imrolving both leaflets. Of these, 1 I (44%) 
had excessive motion by two-dimensional echocardiography 
and a central jet direction by color flow mapping, corre- 
sponding to Figure ICI. Six additional patients had these 
echocardiographic Doppler findings, of whom five had pos- 
terior leaflet prolapse at operation. 
Eight patients had a surgical assessment i dicating pap- 
illrlty muscle infarction causing excessive l aflet motion. Of 
these, six (75%) had excessive l aflet motion with a commis- 
surul jet origin by color flow mapping, corresponding to 
category D (Fig. ID and 3). There were no false positive 
diagnoses in this category. 
Sm of rnit~~l segmentation 
motion. By surgical inspec 
otion. Of these, 31 pakents (91%) 
entified as having restricted leaflet motion and a 
or a posterior jet direction by Doppler color flow 
mapping, corresponding to category E (Fig. 1E and 4). Six 
additional patients had these echocardiographic Doppler 
findings, four of whom were actually in the ventricular- 
annular dilation group as determined by the surgeon. 
categories of nQrma~ lea 
29 patients were found ve normal mitral eaflets and 
chordae and were believed to have mitral regurgitation 
Figure 3. Epicardial short-axis parasternal equivalent view in a 
patient with rupture of the posteromedial papillary muscle caukg 
elongation of the support to the medial side of the anterior and 
posterior leaflets. The color flow image shows that the jet 
emanates from the medial commissure and courses in a posterolat- 
cral direction across the proximal left atrium. Compare with 
Figure ID. 
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~~traQperat~ve two-di~e~s~o~a~ 
iogram mt) and color flow image 
t) in a parasternal equivalent lapng-axis 
view showing mitral re~~rgjtat~~~ due to 
r atic restricted leaflet motion (co 
pare with Fig. 1E) with a central jet direc- 
tion. LA = laft atrium, LV = left vc~t~icl~. 
mitral regurgitation. One or both of these 
ntified by e~~o~ardiogra~ 
s group. Of these, five 
had both mechanisms of mitral regurgi 
nosed by echocardiography and color 
these patients had restricted and exce 
for example, a ruptured c osed on restricted 
leaflets because of infect sed on rheumatic 
issed one of the t 
t one involved a
of r~~~rg~tatiofl as 
Table 2. Sensitivity and Specificity of Echocardiographic and Doppler Determination of Mechanism 









Patients with one surgical mechanism 
A, Posterior leaflet flail or prolapse 
B. Anterior leaflet flail or prolapse 
i, !&leaflet Rail or prolapse 
C. Papillary muscle elongation or disruption 
E, Restricted leaflet motion 
F, Vent~cu~ar-annular dilation 
Subtotal 
Patients with two surgical mechanisms 
One (both) correct 
Total 
132 123 93 9 94 
32 30 94 19 92 
25 II 44 6 98 
8 6 75 0 IO0 
34 31 91 6 91 
29 21 72 7 97 
13 8 62 I !?9 
213 230 84 48 
13 12(5) 
286 32 85 
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Echocardiography is an integral part of the or+imal man- 
agement of patients with mitral regurgitation before, during 
and after valve repair, We have previously reported (12) that 
intraopemtive echocardiography after valve repair for mitral 
regurgitation can detect failed valve repair, permitting fur- 
ther surgical treatment during the same thoracotomy. Such 
failure occurs in 8% of cases in our experience (now 1400 
patients). This report describes our intraoperative use Of 
two-dimensional echocardiography and Doppler color flow 
imaging before valve repair to elucidate the mechanism of
the regurgitation so that the correct surgical maneuvers to
alleviate the problem can be initiated. 
Our classification using the two-dimensional echocardio- 
gram to categorize valve motion as excessive, restricted or 
normal leojet motion was adapted from Carpentier et al. 
(2,18,19), who used operative inspection of leaflet motion of 
regurgitant mitral valves to dete the techniques of surgi- 
cal repair. In addition, we used er color flow imaging to 
determine the origin and direction of the mitral regurgitant jet 
(Table 1, Fig. I).. Use of color jet direction reflects the physi- 
ology of the “nozzle” of the regurgitant orifice, which aug- 
ments anatomic nformation available from two-dimensional 
echocardiography alone. For example, j t origin and direction 
helped to differentiate four different types of regurgitation 
d with excessive l aflet motion. 
on of mechanism of mitral ~g~~i~ti~~ to surgical 
in mitral regurgitation due to excessive leaflet mo- 
essive leaflet motion can result from disruption or 
elongation f any portion of the mitral apparatus, including the 
papillary muscle, chordae t ndineae or leaflet tissue (20-22), all 
of which result in “prolapse.” Leaflet andchordal abnormali- 
ties in this category occur most commonly because of myx- 
omatous degeneration butalso because ofendocarditis. Exces- 
sive motion due to papillary muscle abnormalities r ults most 
commonly from focal myocardial infarction. 
as assessed by echocardiography reflects ignif- 
ica ion of any portion of the leaflet past the l vel of 
the saddle-shaped mitral anulus (22,23). In contrast, pro- 
lapse as assessed by the surgeon represents sufficient mobil- 
ity to allow the leaflet edge to be pulled beyond the annular 
level into the left atrium with a nerve hook (1). In our 165 
ally defined excessive motion of one 
and B) in the present study, the j t was 
ire side of the left atrium in 93%, as 
ler color flow imaging (Fig. 2). In 
prolapse. a central jet direction (cate- 
e amount of excessive motion is exactly 
d, but this situation is relatively uncommon. O e 
of the leaflet is usually more abnormal, with one 
component ofthe jet larger than the other. Which portion of 
valve has the most abnormal motion is critically impor- 
t in approaching it correctly for valve repair. For exam- 
ple. Posterior chordal rupture may be treated with quadri- 
lateral %t%ti~n, which is the easiest r‘jpe of mitral valve 
repair (1.24). Chordal elongalion may be treated wit 
chordai sh~rte+& (3,19), and pai;lhar’ m 
ties may be treatc:d with reimplantation r 
less cornmo~~y~ frompapillary 
cted (Fig. 4). Wbe~ r 
fibrosis, the jet is directed toward 
mitral regurgitation must be approached with techniques 
such as debridement, fenestration f fused chordae, commis- 
surotomy and annuloplasty (28-30). Although commissur- 
otomy is fairly easy for most cardiac surgeons, when re- 
gurgitation is the primary lesion and the p 
diographic “splittability index” (31,32) is
occasionally results from a congenital leaflet cleft or a leaflet 
perforation due to endocarditis. The lower sensitivity (8 
[62%] of 13 patients) ofthis echocardiographic and Doppler 
determination (category 6) may have resulted from our 
stringent criteria, requiring identification f a second pre-jet 
flow acce?era+i!tjOr (33) and a postvalve regurgitant jet dis- 
placed away from the coaptation li e. Perforations were also 
common in the patients having two surg+cally identified 
mechanisms of regurgitation. Repair of valves with perfora- 
tions requires patch closure, often with a piece of pericar- 
dium (34,35), which is feasible only in highly selected 
situations. 
Mitral regurgitation with normal leaflet motion (36) most 
commonly results from ventricular-annular dilation, in 
which the jzt is directed centrally or posteriorly (category F). 
Several terms, including “annular dilation” and “papillary 
muscle dysfunction” (37,38), are unfortunately interchanged 
in published scientific studies and are confused clinically. 
Ventricular-annular dilation with echocardiographically nor-
mal 1eafIets results from coronary atherosclerosis, cardiomy- 
opathy or any myocardial process that causes ventricular 
dilation with outward isplacement of the papihary muscles 
(39,40). This spheric ventricular shape causes outward teth- 
ering of the subvalvular support (41). The most basal point of 
mitral coaptation is often displaced toward the apex (38), 
although this is not easily perceptible by echocardiography 
JACC Vol. 20. No. 6 
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tricular dilation. It eliminates e 
cles, systolic anterior motion of 
velop after annuloplasty, causing 
(4’1). 
tract obstruction 
Ischemic heart disease causes mitral regurgitation most 
commonly through ventricular-antiwar dilation, and less 
commonly through focal iary muscle infarction with 
repair, and the postoperati 
those with excessive lea 
urgitation may vary substantially in se- 
es in loading conditions, as noted in a 
operative transesophageal echocardiog- 
color how jet direction to categorize the mechanism d itral 
regurgitation. I  addition to our preliminary reports on this 
topic (51,52), Grayburn (441, Yoshida (331, Pearson (53) and 
their coworkers have noted myxoma 
jets deflected to the opposite side as
small numbers of patients. Izu 
emanating from the posteromed~a~ corn 
with iscbemic papillary muscle 
other types of mitral regurgitat 
sents the first correlation bet 
anism of dysfunctio~l by ec 
this mechanistic system, the i~~orrflatio~ maybe identical. In
addition, preoperative transtboracic studies 
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Conclusions. Because of its improved image quality, in- 
traoperative echocardiography before repair allows the sur- 
geon to systematically understand and successfully repair 
the regurgitant mitral valve. We currently perform intraop- 
erative chocardiography before and after cardiopulmonary 
bypass on all patients being considered for valve repair 
surgery. 
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